This r esearch was carried out along the banks of the Bogacayi River in the western part of Antalya in Turkey. We investigated the concentration, average distribution, and level of contamination of the sediments by heavy metals for monitoring purposes. In this study, 25 sediment samples from different stations were collected and analyzed along the Bogacayi's banks. Heavy metals detected in order of abundance are Mg> Fe > Al > Ti> MN > Cr > Ni > Ba > V > Zr > Zn > Co > Cu > Pb > As > Mo > W > Cd > Sb > Ag. The average concentration of each heavy metal elements was compared to those of the earth crust, sandstone, ultrabasic rock, especially with the acceptable limit for Turkey, in order to determine their anomalies. The concentration of Cr in sample 24 was 19.85 times and Ni in sample 25 was 19.29-7.71 times higher than the acceptable limit for Turkey. In samples 24 (1.87 times) and 25 (1.85 times), Co was also higher than the acceptable limit for Turkey. As confi rmed by the coeffi cient correlation analysis, the PCA, anthropogenic activities is thought to have possibly contributed most of the Sb, Mo, and Pb, and led to an increase in the quantities of elements such as: Fe, V, Mn, Co, Ni, Mg, Cr, and As. Most of the Al, Ti, Zr, Zn, W, Ba, and Cu, and a majority of the Fe, V, Mn, and Sn, potentially resulted from a natural source. Samples 24 (Zn, Co, Mn, Fe, V, Cr, Mg, and Ba) and 25 (Ni, Co, Fe, and Mg) contain several numbers of heavy metals, each showing high anomalous concentrations, which are related to anthropogenic sources. The ANOVA model summary reveals the high explanatory power of R 2 = 100.00%, indicating that the number of samples used in this study was suffi cient.
Introduction
The contamination of soils and sediments by heavy metals are known to be the most serious environmental problem and has signifi cant implications for human health processes [1, 2] . "Heavy metals" refers to metallic elements with similar chemical properties that are toxic, persistent, non-biodegradable, and poisonous -even at lower concentrations [3] [4] [5] . They can either be introduced into the environment naturally (by chemical leaching of bedrocks, water drainage basins, and runoff from banks) and/or from anthropogenic sources (mining operations, disposal of industrial wastes, applications of biocides for pests, automobile exhausts, and combustion by-production from coal-burning power plants [6] [7] [8] [9] [10] . Most heavy metals introduced in the environment are usually known to be trapped in sediments by forming stable complexes with sediment organic matter, carbonates, and iron (Fe) -manganese (Mn) oxides [11, 12] . Human beings can easily be affected by heavy metals through body contact, inhalation of heavy metal-polluted dust, and intake of food [8, 13, 14] . An assessment of the distribution and contamination level of the soil, sediments, and water by these elements is of great importance to disaster risk reduction.
In this light, this study was carried out along the banks of the Bogacayi River in Antalya, which fl ows from the Mediterranean Sea, in order to determine the heavy metal content of its sediments. The study area which hosts villages close to the river banks will be a great tourist attraction in the near future, considering the mega touristic project that has to be established there. It is necessary and important to investigate the area for its potential of heavy metal threats to the ecosystem by investigating their distribution and sources, to mitigate environmental pollution and reduce exposure risk [9] . To do this, the multivariate statistical analysis which is the most commonly used method to explain the geogenic and anthropogenic source of heavy metal in sediments [15] [16] [17] [18] , will be used. Factor analysis is often used within this method [19] [20] [21] [22] .
Therefore, the purpose of this project is to evaluate the concentrations and average distributions of heavy metals by chemical analysis, assess the contamination level, and statistically analyze the heavy metals in Bogacayi riverbank sediments for monitoring purposes. 
Geological Setting
Bogacayi riverbanks are located at the south end of the Taurus orogenic belt of the western Tantains, located near the Kemer and Konyaalti beach break in Korkuteli in the western part of Antalya. This area is covered with sediments.
The geology of the study area ranges from the Mesozoic to the Cenozoic time interval. The allochthonous formation is composed of exposed igneous and sedimentary rocks independent of each other. In this area dolomite, cherty dolomite, and dolomitic limestone represent the upper Triassic-Lower Jurassic, which seems older at the base of the Kayakoy formation, tectonically overlaid the upper Jurassic-lower cretaceous Babadag formation, which is composed of cherts nodules and micritic textured limestone.
Spilitic basaltic rocks overlie the upper cretaceous aged Covenliplateau formation that also overlies the Babadag formation tectonically. Harzburgite, dunite, serpentinite and pyroxene make up the upper cretaceous unit. All these are unconformably covered by dirty yellow, grayish colour conglomerate, clay stone, and sandstone formations forming the Pliocene unit and the quaternary alluvium, talus, and beach sands.
In this region basic and ultrabasic rocks are in contact with dykes along the fault zone and also in the massive peridotite crack and fracture are serpentinized [23] .
Generally the study area is represented by the Antalya nappes (Fig. 1) . Antalya nappes is divided into three different units: Cataltepe (clay, limestone, sandstone, and radiolarians), Alakircay-Ispartacayi (sandstone, limestone, radiolarians, ophiolitic rocks), and Tahtalidag (carbonates and sedimentary rocks) [24] .
Material and Method
The fi rst fi eld work of this project was carried out in May 2013 around the Bogacayi riverbanks. Samples of 2 kg each were collected at depths of 10 cm from 25 different stations located about 500 m from each other. The samples were prepared at Akdeniz University's geology laboratory and analyzed for their heavical techniques at the ACME Laboratory Ltd., Canada.
The samples were carefully collected, avoiding gravel tracks with the use of a plastic shovel and stored in plastic bags for transportation. The GPS location of each sample was noted in an exercise book using a pen. Based on the U.S. EPA 1992, ASTM 2000 sampling requirements for sediment types, waiting time, and storage conditions, the collected samples were stored inside a freezer in plastic bags with pH < 2 adjusted with the use of HNO 3 , to prepare them for analysis. Before the samples taken to the laboratory were analyzed, they were passed through processes of pH measurement, drying, grinding, sieving, weighing, and being stored with acid in parts.
Firstly, the pH value was evaluated. To do these, 20 grams of a sample were put in a 50 ml beaker and pure water was added at a ratio of 1:2.5. This was thoroughly shaken, kept for 10 minutes, and the beaker was stirred again, after which the pH was measured with the use of a pH meter.
The samples for chemical analysis were kept under normal conditions of room temperature for 24 hours. Using a precision weighing scale, 100 grams of the samples were measured, put on wet paper laid on the ground, labeled, and dried for 24 hours ian oven at 105ºC. After drying, sample weights were measured again using a precision scale.
100 g of the dried sample were taken and the amount of each sample remaining was passed through an oscillating mesh sieve and weight distribution of the particle sizes was calculated. Screening was carried out for 10 minutes per sample with sieve sizes of 2, 1, 0.5, 0.25, 0.125, and 0.065. During the experiment, sieve set, precision scale, brushes, and gloves were dried and washed after every measurement with a 1 mol L -1 HNO 3 to avoid contamination.
The Geochemical analyses of the samples were determined at the ACME Analytical Laboratories Ltd. Chemical analysis of content made with the Group 1EX (ICP-MS) and 3A01 (ICP-OES) method are given in mg/ kg and percentage, for a total of 41 elements with reference numbr ANK13001068.
Geochemical data of the elements was then statistically analyzed using SPSS software.
Results
Data obtained from the Geochemical Analysis of the Bogacayi beach sand samples are presented in Table 1 .
In orderabundance in ppm mg/kg, the heavy metals occur as follows with minimum, maximum, and mean values, respectively: Mg (81,600, 49,600), Fe (13, Table 2 .
The schematic presentation of the box plot ( Fig. 2 ) reveals that some samples actually contain anomalous high concentrations of some elements, such as: sample 1 has a high anomalous concentration of Pb; sample 4 has a higher concentration of As; sample 5 shows an anomalously high concentration of As, and sample 10 has a higher concentration of Mn; sample 13 has a higher concentration of Ba; sample 15 higher concentrations of Ba and Zr; sample 16 shows a higher concentration of Ag; sample 18 has a higher concentration of Ag; sample 24 has higher concentrations of Zn, Co, Mn, Fe, V, Cr, Mg, and Ba; and sample 25 has higher concentrations of Ni, Co, Fe, and Mg. Ti  2910  4050  2960  3470  2880  2640  3240  2800  3550  2890  4190 
Regression
According to the Model Summary in Table 3 , the explanatory power of the data of the chemical elements on Al, R 2 = 100%, indicate a high degree of accuracy of chemical analysis. According to the ANOVA, the 24 descriptive variables (Te, Au, Sr, Sn, Mo, Sc, In, Ag, As, Ba, W, Cd, Ni, U, Sb, Cu, Mn, P, Th, Na, Bi, Li, La, and Mg) on Al have high explanatory power, suggesting that a suffi cient number of samples and heavy metal from the study area were used in the analysis [17, 25, 26] .
Correlation Analysis
Results of the Pearson correlation coeffi cient are presented in Table 4 . The Pearson correlation coeffi cient, which is a statistical measurement of the strength of the linear relationships between the variance of the same element (e.g., Al) and another type of element (e.g., Sb) within the samples, indicates a very strong or that a strong positive relationship exists between Cu and Zn, Co, Fe, V, Ti, Al, and W; between Zn 
Cluster Analysis
Cluster analysis between groups carried out to examine the similarity or homogeneity of the sample reveals six principal cluster groups as shown in Fig. 3 Between the groups, cluster analysis also was carried out on the elements to evaluate the closeness in their relationship to each other as shown in Fig. 4 . From the dendrogram, the elements are divided into three cluster groups, cluster 1 (Ti-Ag), cluster 2 (Fe, Al, and Mgwhich are the most abundant common elements in the earth's crust) [27] , and er 3 (Ca). This Theclusters are is thought to indicate a similar source of the elements.
Factor Anaysis
The results of the principal component analysis (PCA) of the elements as shown in Tables 5 and 6 indicates that the six components retained have a good representation of all the elements. The six components provide 83.949% of the Cluster analysis (CA) is the most suitable method for determining correlation between the variables [28] . Although CA is not signifi cantly different from PCA, PCA is an alternative method used for justifi cation of the results [15, 17] .
The mean values of the heavy metal concentration were compared to those of the earth crust [29] , sandstone [30] , ultrabasic rocks [30] and acceptable limit for Turkey [31] values to evaluate the quantitative level in the beach sand as shown in Table 7 .
When compared to the average concentration in the earth crust, average concentration for M (591.52 times), Mn (1.04 times), Cr (4.05 times), Ni (4.91 times), Co (1.26 times), Cd (1.52 times), As (2.07 times), Ag (1.6 times), and Sb (1.04 times) were greater. Compared to the sandstone average concentration, Fe (2.93 times), Mg (7.09 times), Ti (1.97 times), Mn (11.6 times), Cr (11.57 times), Cu (2.65 times), Ni (184.08 times), Co (83.76 times), Zn (2.59 times), Cd (2.53 times), As (3.72 times), Ag (1.24 times), Mo (2.9 times), Sb (2.31 times), and V (3.23 times) had higher average concentrations. Average concentrations of Al (1.24 times), Ti (9.86 times), Cu (2.38 times), Pb (4.66 times), As (3.72 times), Ag (1.87 times), Mo (1.93 times), Sb (2.08 times), Sn (1.14 times), and V (1.61 times) were greater than thoseltrabasic. and wWhen compared to the acceptable limit for Turkey, Cr (4.05 times), o (1.26 times), and Ni (12.27-4.91 times) had greater concentrations. Table 5 . Explanation of total variance on elements in Bogacayi riverbank sediments. 
Discussion
From the comparison in Table 8 , it is worth noting the very high anomaly concentration of Cr in sample 24 is 19.85 times and Ni in sample 25 is 19.29-7.71 times higher than the acceptable limits in Turkey. These proportions are very high and confi rm the need for a close study of heavy elements around the localities of samples 24 and 25, alongside Co, which is 1.87-and 1.85-fold greater than the acceptable limit for Turkey in samples 24 and 25, respectively. The acceptable Turish limits for (Mn, Ag, Fe, V, and Mg) were not available.
According to the box plot analyzed above, samples 24 and 25 have high anomalous concentrations of some heavy metal elements that are both grouped in the second cluster in the Hierarchical Cluster analysis. Some samples in other clusters do have anomalies in identical heavy metal elements such as cluster 3 (S 4 and 5) with high As anomaly and cluster 4 (S 8, 19, and 23) with low Sb anomaly. This is thought to be an indicator to confi rm the similarities of the samples.
Both the coeffi cient correlation and PCA confi rm the negative relationship of Pb and As with the other elements under investigation (Mg, Fe, Al, Ti, Mn, Cr, Ni, Ba, V, According to [9, [32] [33] [34] [35] , component 1 is usually allocated to be the geogenic source, component 2 the anthropogenic activities related, and component 3 the anthropogenic source. Most of the Ti, Al, Zr, Zn, W, Ba, and Cu, and the majority of Fe, V, MN, and Sn are thought to have come from a natural source. Most of the Ni, Mg, Cr, and As, and the majority of the Co and Cd are thought to have resulted from both natural and anthropogenicrelated activities, implying no clear distinction of a particular source by the PCA. Most of the Sb, Mo, and Pb are believed to have come from anthropogenic activities. Though the majority of the Fe, V, MN, and Sn are thought to have come from a natural source, and Co and Cd from natural and anthropogenic-related activities, a considerable quantity of the elements are also thought to have been contributed from other sources such as: natural (Co), natural and anthropogenic-related activities (Fe, V, MN, and Sn), and anthropogenic activities (Sn and Cd).
The heavy metal elements (Sb, Mo, and Pb) that are well loaded in component 3 do not show a good correlational relationship according to Pearson's correlation, whereas those with high values (well loaded) in the fi rst component demonstrate either a strong or stronger correlational relationship among themselves, and to some in the second component such as Fe, V, and Mn, according to Pearson's correlation. Base on this, such elements are thought to have a possible related source.
Samples 24 (Zn, Co, Mn, Fe, V, Cr, Mg, and Ba) and 25 (Ni, Co, Fe, and Mg) contain several numbers of heavy metals, each showing high anomalous concentrations, that are related to anthropogenic sources based on the PCA (Table 6 ).
Conclusion
From the results and discussion above, it can be concluded that the abundance of the elements under investigation are as follows: Mg > Fe > Al > Ti > Mn > Cr > Ni > Ba > V > Zr > Zn > Co > Cu > Pb > As > Mo > W > Cd > Sb > Ag.
A suffi cient number of samples and elements from the study area were used in this analysis based on the high explanatory power R 2 = 100.00% of 24 descriptive elements on Al, according to the ANOVA model summary.
Anthropogenic activities contributed most of the Sb, Mo, and Pb, and led to an increase in the quantities of elements such as Fe, V, Mn, Co, Ni, Mg, Cr, and As.
